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Claims 

[d] A cleaner for removing particles from a surface by pro- 
pelling a fluid onto the surface, the cleaner comprising: 
at least one partition adjacent a fluid nozzle, each parti- 
tion defining: 

a central cavity configured to define the fluid departing 
the surface into a first vortex; and 
a side cavity adjacent the central cavity configured to de- 
fine fluid escaping from the central cavity into a second 
vortex. 

[c2] The cleaner of claim 1, wherein the fluid nozzle propels 
the fluid substantially perpendicular onto the surface. 

[c3] The cleaner of claim 1, wherein each side cavity is cou- 
pled to a vacuum to remove at least part of the escaping 
fluid to remove particles. 

[c4] The cleaner of claim 3, wherein a vacuum volume is 

greater than ninety percent (90%) of a fluid nozzle deliv- 
ery volume. 

[c5] The cleaner of claim 1, wherein each partition is dis- 
tanced from the surface by a partition distance, and the 
fluid nozzle is distanced from the surface by a nozzle 



standoff distance. 



[c6] The cleaner of claim 5, wherein the partition distance is 
less than a distance from a centerline of the fluid nozzle 
to the partition. 

[c7] The cleaner of claim 5, wherein the nozzle standoff dis- 
tance is no less than 1.2 times the partition distance and 
no greater than twice the partition distance. 

[c8] The cleaner of claim 5, wherein a Reynolds number 

based on a fluid velocity as a reference velocity and the 
partition distance as a reference distance is no less than 
7,500 and no greater than 20,000. 

[c9] The cleaner of claim 5, wherein a distance from a center- 
line of the fluid nozzle to each partition is greater than 
five times an inner diameter of the fluid nozzle. 

[do] The cleaner of claim 5, wherein a ratio of a lateral dis- 
tance of each side cavity between a partition and a vac- 
uum entry to the partition distance is greater than 10. 

[cH] The cleaner of claim 1, wherein the central cavity forms 
an angle with the horizontal at each partition of greater 
than 0° and less than 65°, and each side cavity forms an 
angle with the horizontal at each partition of greater 
than 20° and less than 90°. 



[d2] The cleaner of claim 1, wherein the central cavity forms 
an angle relative to a vertical edge of the fluid nozzle of 
no less than 80° and no greater than 135°. 

[d3] The cleaner of claim 1, wherein each second vortex has a 
larger diameter and less energy than the first vortex. 

[d4] The cleaner of claim 1, wherein the cleaner is placed 
above the surface. 

[d5] The cleaner of claim 1, wherein each cavity extends in a 
planar fashion. 

[d6] a cleaner for removing particles from a surface by pro- 
pelling a fluid against the surface, the cleaner compris- 
ing: 

means for delivering a fluid under pressure to an area on 
the surface; 

means for forming fluid departing the surface into at 
least one first vortex adjacent the area and in contact 
with the surface, and at least one second vortex adjacent 
each first vortex and in contact with the surface; and 
means for evacuating particles by removing a part of the 
second vortex. 

[d7] The cleaner of claim 16, wherein the first and second 
vortices are counter-rotating relative to one another. 



[d8] The cleaner of claim 16, wherein each second vortex has 
a larger diameter and less energy than a respective first 
vortex. 

[d9] a method for removing particles from a surface by pro- 
pelling a fluid against the surface, the method compris- 
ing the steps of: 

delivering a fluid under pressure to an area on the sur- 
face; 

forming fluid departing the surface into at least one first 
vortex adjacent the area and in contact with the surface, 
and at least one second vortex adjacent each first vortex 
and in contact with the surface; and 
removing particles by removing at least part of the sec- 
ond vortex. 

[c20] The method of claim 19, wherein the forming step in- 
cludes forming each second vortex to have a larger di- 
ameter and less energy than a respective first vortex. 



